SUMMARY Although minnows of the genera Phoxinus and Rhynchocyptis (Cyprinidae) are abundantly distributed in the northern Far East region, disagreements on their taxonomy have persisted. Gene products of 18 allozyme or protein coding loci of 21 populations of minnows from the northern Far East were investigated in order to resolve their classification and genetic relationships. Six monophyletic dusters were identified, being consistent with Phoxinus phoxinus, Rhynchocyptis oxycephalus, R. percnurus, R. czekanowskii, R. kumgangensis and R. semotilus, plus one paraphyletic group referred to as R. lagowskii.
INTRODUCTION
In the northern Far East region, many phoxinin minnows have been reported and variously classified. Nakamura" used the genus Moroco for three Japanese species, M jouyi, M steindachneri and M percnun s sakhalinensis. On the other hand, Nakabe inch used them in the genus Phoxinus, regarding them as subspecies of continental taxa, viz P. oxycephalus jouyi, P. lagouskii steindachneri and P. percmunus sakhalinensis. Kim3) recognised six Korean phoxinin species in two genera: Phoxinus phoxinus and Rhynchocjpris oxycephalus, R. steindachneri, R. pennons, R. kzangangensis and R. semotilus, the last two being endemic to the Korean Peninsula. Chereslmev4) reported four species from Far East Russia, including them in the genus Phoxinus, P. phoxinus, P. lagawskii, P. perunurus and P. czekanowskii. He treated oxyrephalus as a subspecies of P. lagowskii, and recognized some subspecies in both P. percnunus and P. czekanowskii, the latter being endemic to Russia." Previously, Howes' worldwide revision of phoxinin minnows divided the Asian species into four genera, namely, Tribolodon jouyi, Lagowskiella lagowskii, LL czekanowskii, Eupallasella perrnurus, Phoxinus phoxinus and P. semotilus. Tribolodon was appearently a misidentification, that genus being more correctly applied to the Far Eastem dace, such as TT hakonensis.
Summarizing these studies led us to tentatively recognize seven groups of phoxinin minnows in the northern Far East region: oxycephalus, lagowskii, pennurus, czekanowskii, kumgangensis, semotilus and phoxinus groups, their generic classifications being ambiguous. Their morphological distinctions included: oxycephalus a deeper caudal peduncle than the other species; lagowskii a dark longitudinal lateral band on the body and a black blotch on the caudal base; pen;nurus a thick body and lower jaw a little more prominent than or revel with the upper jaw, czekanowskii lateral line canal absent on body, but several pored scales above the pectoral fin; kwngamgensistwo dark lateral bands on body; semotilus a large dark spot on dorsal fin base; phoxinus several irregular lateral cross bands on body.
However, because visual characteristics are somewhat subjective, they are of limited value in assessing the relationships of specimens from different localities. Accordingly, we analyzed allozyme allelic compositions of phoxinin minnows collected from the northern Far East region in an attempt to stabilize their classification.
MATERIALS AND METHODS
Twenty-one samples of tentatively-classified oxycephalus, lagowskii, percnurus, czekanowskii, kumgangensis, Fig. 1 ). The gene products of 18 allozyme or protein coding loci were investigated by stanch gel electrophoresis (12 % gel): aspartate a minotransferase (E. C. 2.6.1.1, AAT-1 *, AAT-2*), alcohol dehydrogenase (E. C. 1.1.1.1, ADH*), glycerol-3 phosphate dehydrogenase (E. C. 1.1.1.8, G3PDH*), glucose-6-phosphate isomerase (E.C. 5.3.1.9, GPI-1 *, GPI-2*), isocitrate dehydrogenase (E. C. 1.1.1.42, IDHP*), L-lactate dehydrogenase (E.C. 1.1.1.27, LDH-1 *, LDH-2*, LDH-3*), malate Locality numbers correspond to those in Table 1. dehydrogenase (E. C. 1.1.1.37, AIDH-1 *, AIDH-2*, AIDH-3*), phosphoglucomutase (E. C. 5.4.2.2, PGM*), L-iditol dehydrogenase (E. C. 1.1.1.14, IDDH*), superoxide dismutase (E. C. 1.15.1.1, SOD*) and general protein (PROT-1 *, PROT-2*). A neighbor joining (NJ) tree based on Nei's genetic distance (D)7) between pairs of samples was constructed so as to determine their genetic relationships. Bootstrap probabilities (p in %) of nodes were calculated from 1000 replications. Table 2 Number of dichotomous loci in range (above diagonal) and mean genetic distance with standard deviation (below diagonal) between pairs of seven species of Rhynchocypris and Phaxbiur, and int a-specific genetic distance (on diagonal) Table 2 ). The latter, including the oxycephalus, lagowskii, percnusur and czekanowskii groups, were relatively close to one another (D= 0.27 0.75,1. 10 loci being dichotomous). The lagowskii group exhibited a greater intra-specific distance (D = 0.31) than the others (D= 0.02?0.12).
In the NJ tree (Fig. 1) , the phoxinus group was distantly related to the others, which were clustered at a high bootstrap probability (p = 90.9 %). In the latter, kumgangensis and semotilus were connected as the outermost branches. The oxycephalus, czekanowskii and percmurus groups formed three monophyletic clusters of probabilities higher than 50 % (p = 54.0, 60.2 and 51.5 %, respectively), the latter two groups being jointed at a high probability level (p = 79.6 %). On the other hand, the lagowskii group was divided into three paraphyletic lines. 
